In view of that the texture interferes with image segmentation of the greige defect, a greige defect image segmentation method based on phase consistency is proposed. Firstly, the phase consistency algorithm is analyzed. Secondly, the phase consistency algorithm is improved based on the characteristics of the greige defect image. Then, adaptive double threshold is adopted, and the image segmentation for the contour image extracted by phase consistency based on Otsu algorithm is carried out. Finally, the experimental verification is carried out. The experimental results show the validity of the method.
INTRODUCTION
It has the advantages of high detection efficiency and low error detection rate that the machine vision replaces human working based on image processing. The common image segmentation methods include to threshold segmentation, edge detection and region segmentation. Among them, the edge detection method is not used to segment the greige defect image because greige textures seriously interfere with to the detection of the object edge. If a single algorithm of threshold segmentation algorithms and region segmentation algorithms is used to segment image in the above algorithms, object defect can be segmented basically although there is no good trade-off between some important information loss and over segmentation. The problem appears to be more obvious when there is an external noise interference. Therefore, this paper proposes a method that the phase congruency and automatic threshold are used to segment the greige defect images [1] [2] [3] [4] [5] .
ANALYSIS OF PHASE CONGRUENCY BASED ON ONE DIMENSIONAL SIGNAL
The ones with the most consistent phase in fourier transform components for the object image are used as the feature point of object. According to those, the target contour is detected. One dimensional signal is taken as an example to analyze the phase congruency algorithm. The definition of the phase congruency function PC(x) based on one dimensional signal is as follow.
where An is The amplitude of the Nth harmonic component,n(x) is the phase value of the Nth Fourier component at x, and ϕ(x) is the phase angles mean of fourier transform components. PC(x) is between [0,1].The larger the PC(x) is, the more obvious the signal features are at the x. When the PC(x) maximum is 1, it shows that the object signal feature is remarkable. When the PC(x) minimum is 1, there is no obvious feature of the target signal at the x. Equation (1) needs to calculate the phase of each point. It is too complex. Owens and others suggest that local energy has the following relationship with PC(x).
The local energy E(x) is proportional to the phase function PC(x). Among them, the local energy E(x) can be calculated according to the relationship between the local energy E(x) and each Fourier transform component An. Figure 1 . is a sketch of the relation between the local energy and each Fourier transform component. The angle between the local energy E (x) and the real axis is ϕ(x). The angles between each component and the real axis is 1, 2, ,n, respectively. From Figure 1 . it can be shown that the relation between the local energy and the Fourier component is shown as follows:
ANALYSIS OF PHASE CONGRUENCY BASED ON GREIGE IMAGE
The most important feature of greige image is the texture background. In the greige image, the high phase congruency between the background texture is seriously interfered with the defect contour detection. Based on the characteristics of mutual independence between texture and defect, the texture energy of greige image without a defect is subtracted from the local energy of greige defect image, so as to eliminate the texture interference with defect contour detection. Therefore, equation (2) needs to be modified. The phase congruency function PC(x) of the greige defect image is shown as follows: (4) Where Tw is the texture energy of greige image without a defect, and the mathematical symbol [] represents that if the calculated result in brackets is positive ， the value is kept, otherwise it is 0. Because the defect energy is generally higher than the texture background energy, when the energy value of a point exceeds the background texture energy value, the point is the detected feature point. 
IMPROVEMENT OF PHASE CONGRUENCY ALGORITHM BASED ON GREIGE IMAGE
Equation (3) is analyzed. It can be seen several points as follows. Firstly, the cosine value in equation (3) is maximum when n(x) equals ϕ(x). Secondly, when n(x) is not equal to ϕ(x) and the difference between n(x) and ϕ(x) is little, the change rate of the cosine function value is small. As the difference between n(x) and ϕ(x) increases, the cosine function decreases. On the other hand, local energy E(x) is proportional to the cosine function value, according to equation (3) . Therefore, if the difference between the target and the background is judged directly according to formula 3, the result of judgment will not be ideal. For this reason, a new cosine function is constructed in order to improve the disadvantage that the cosine function in equation (3) is insensitive to phase change. Based on the improved cosine function, equation (3) is corrected as follows (5) Suppose .The waveforms of cosX and cosB are respectively shown in Figure 2 . The solid line indicates cosX waveform and the dotted line indicate cosB waveform in Figure 2 .The change rate of the improved cosine function near origin 0 is improved, so it is more sensitive to the change of phase. Accordingly, the phase congruency function PC(x) of the greige defect image is shown as follows: (6) After extracting defect contour feature point from the greige image based on phase congruency, the difference between the pixel values of the defect and the texture is increased so as to achieve defect enhancement and texture reduction.
THRESHOLD SEGMENTATION
The binary image of defect will be segmented out based on the threshold segmentation method after the feature points reflecting the defect contour are extracted based on phase congruency algorithm. Double threshold method is selected. The double threshold segmentation method is to block the standard non defect image with a rectangular window. Among them, generate a new image with the mean value of each block as a pixel value. The average gray value and mean square variance of a new image are calculated. According to these two parameters, the segmentation interval is constructed and the upper and lower threshold of the interval is determined.
According to the upper and lower threshold, the greige defect image that has been processed based on the phase consistency can be judged. If the pixel value is within the interval, it is judged to be the texture background. If the pixel value is outside the interval, it is judged as the target defect. The specific methods are as follows:
Firstly, the texture cycle is used as a block window because almost all the greige defect will not be less than the texture cycle. Secondly, the rectangular window is used to block the standard defect free image. The gray mean value of each small image is used as the pixel value of the newly generated image. The gray mean and mean variance of the new image are shown as follows: (7) Where M is the row number of the image matrix after block, N is the number of columns of the image matrix after block, and f0( i, j) is the pixel value at any point (i, j) of the new generated image after block.
Based on the gray mean and mean square of the new generated image, the upper and down thresholds are set up as follows: (8) where is a subjective factor, generally taking the experience value 2~5, greige defect image can be judged according to the following formula:
where f x (i,j) is the pixel value for the image to be detected, and f '(i,j) is the image pixel value after block. If the pixel value of the detected image is between the two thresholds, it is the background, otherwise, it belongs to a defect.
IMAGE SEGMENTATION ALGORITHM BASED ON OTSU ALGORITHM
The adaptive thresholds are adopted in order to improve the adaptability of the algorithm, and the double threshold method is used to improve the effect of the image segmentation. [6] [7] [8] [9] [10] The specific method of setting thresholds is as follows:
First of all, the high and low thresholds are represented by Th and Tl respectively. Secondly, the threshold corresponding to the maximum variance of background and target is obtained, represented by Ts. Then, assign the value of Ts to Th, and the reasonable ranges of Tl is from 1/3Th to 1/2Th. According to the set thresholds, the image segmentation method based on Otsu algorithm is as follows:
The pixels whose gray value is greater than Th are judged as defects, and the pixels whose gray value is less than Tl are judged as background. When the gray value of a pixel is between Tl and Th, the search range is set to 5 pixels apart from the pixel to search whether there are pixels above Th value through the 4-conn. If there is a pixel higher than Th and the gray values of the pixels connected to it is greater than Tl, the pixel is considered to be the target, otherwise it is considered to be the background.
EXPERIMENTAL VERIFICATION
In this paper, tow image segmentation methods are tested by contrast experiments. The first one is to use traditional dual-threshold image segmentation directly. The second method is to extract the defect contour based on the phase consistency, and then to apply the image segmentation based on Otsu algorithm.
The defect original images of dilute weft, hole and tight end are respectively shown as in Figure 3 , Figure 4 and Figure 5 . Among them, Figure 3 and Figure 4 . are segmented based on the traditional double threshold method, and the image segmentation results are separately shown as in Figure 6 , Figure 7 and Figure 8 . The second method consists of two steps. The first step is extract the feature points of defect contour based on the phase consistency, and the contour extraction results of dilute weft, hole and tight end are respectively shown as in Figure 9 , Figure 10 . and Figure 11 . The second step is to apply the image segmentation method based on Otsu algorithm and the adaptive double thresholds are adopted. The image segmentation results are separately shown as in Figure 10 . and Figure 11 . Threshold segmentation threshold segmentation threshold segmentation based on Figure 9 .based on Figure10.based on Figure 11 .
From Figure 6 , Figure 7 , and Figure 8 , it can be seen that the segmentation image based on the traditional double threshold method can cause the loss of defect information, especially the loss of the edge information is more obvious. The second methods have been improved. From Figure 12 , Figure 13 and Figure 14 , it can be seen that more useful defect information is retained in comparison.
CONCLUSIONS
In view of that the texture interferes with image segmentation of the greige defect, the segmentation effect of grey defect image is better based on phase consistency in comparison. In addition, due to the use of adaptive double thresholds, the gray fabric defect image segmentation method based on phase consistency proposed in this paper is not only effective but also adaptive.
